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[000 1] 

LTrt*$*V0^1 9 9 8^9^2 3 BttTHiiJSiX 
fcfflH (USP) 80 9/1 5 8,8 2 3^-<7)-g?^!tiJ 

«rr** 1999^1^21 Btiiffisnfcaw ( u s 
p)^09/235.04i ^<r>-wmmxhh. 
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ik<tx hmtjmbKmttixvyhmw. 
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[0003] 
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XF7*D-7\ ^y^7x-Xf/-MN7yX7rt 

mtt&^m&vhz. u>l&*^#xf-<mx£*i 

^t?fx f r-t y a wmmmmm-^ 
ommRvmKTX vmiWrnzh^m^mTX 
v^hix^z^mxhh. 

[0006] b9j£U:»9, ijX V?A XZitfzW®& 
rx F ®femt. ®fcm>t>!>m®8&7-x ? £ X'fl-tSr 

im-t smi m$m<?>®femx'h 4 . i>o\m 

Zixtz4v?7x.~X\?>\,ZTXym* i !r*\m.-thY? 

xhmm^mtx^h. ^m-mm^Mi ttxm 

m-m^x^\,z^x\i. m&mi-mz. txb-? 
4 xwzm&7-xb®%.mzit<. m&x%<m 
x-hz>. 

[0007] mmmxum-mfemzte, 
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VXV-fWt lX&mZ1lZ>. T-r/PFtTyli, F 

yyxu-fmfe&co-gfemthyyxu-tyu- 

&<%*mv>X'hh. f^^tyii mmwLtvT 
x f mm m ? - r u v f <r> y v yhtsu w - y 
i^-x^sorx hmnte^f-y^tmmoTX 

hm^m^^< $ t x£%mizm))*i&x'fr& . 

[00 08] hy yxU-?®femi. Lexan i:!,^*: 
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ri^-FTt?§iiSilfl£-c4.rfc#-e#4. y-yyxu- 
97\s-Y\m%.%ftx\ mfegnrnmizti^xxi- 
xtkz ^rnmm (x?>v*7) j m^tiK< 
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fc»vtf§£. ^il^cO^^rcOf-XMa^t^lffiL-C 
u<o^c7)^fi##i£-ri.. {I*^TXFliJ9t«i:-J&i:: 
rXF^y KfcoffcWu -ffif^-rXF^y FtfH&fcr 
XF^-y?fcLT»]£>iiT^4. x-f^Ft°y#^im: 
Sv^xF^-y Ffc««!l!L*:B#. 7M/UFtr 
y£J;9©&K<i:v3ffl2*m4. -fXF'ty Vlzm-& 

tLTV^^tiO. f^W^y F£TXF4>fc£fc*A 
W£S&£tf4^&tt#J>4. 
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[0011] ^3^ll^(i, fXN< 7 ;*>W7 
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x F-fl»<otc*i|ffl"r^ F 7 yx i/-^ ey*9WHc# 
^-tf-f. yN'-y^^^T-xFti^rffiT*)^. 
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[00 1 5] 
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ft^S-fS^ fx W-y H fc^ttL^WT-r D y 
b®&mcr>mZ®®LX®®2-£t>tL& T 74J<<-y'y 
^£-£tf. 7V>h®8&mi. 7-t>70v* vhcr>K 
-x±£ga>ftfcf x bmfeM:<7)±lzW;frti, fx Ml 

Sftii. 7vyh®mm<Dim±.iz#>$>TAh®@.t% 
mthtzubcom^TXbrn-y^-kts. y-i^-y 

a, mTrnzumtitzMivT-x hn-y^^ta 
mztiz. u^-7yi/\mmz, yyjyyyu- 
^tm^h^xmmttz t t,r> 
[ooi6] ttLcomimBi l z}5^x\t. mw&a-yr 

•y^<7)loc7)3fi<lcKWt^TO|>. :<7)n-77t 
t>ti&a-y lzJRmbtitzm9.it? a xZ$ti. %2 

nmwizmfrti. y-xm^mzntxmmn^i- 

h c\ tiitf f x m#££j£t6^< fx h*(D3-~ 
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iiXiiyKX'hh. 

[0017] XfttycDZtLbcO&VZcOi&WBfflZ^ 

xa. mmw*x'&.T<?>tm%§d&&miztz>c\t 
icjco. £")%&i<zimx'%z>. 

[00 18] 

[m\<n%Mv>Bm\ *ft*1\<r)fe&£M$mi OtiHl 

t^it-c^s. ^ssfjtsifiiii. fxh-r^#7-'jy 

MslK^iU UT 1 6^±*(cfiB-^tt$it^f x h 
^-y Y 1 4 $ri>of X? h'/y'T^yfJo^y hi 2 
ZSAX'&Lh. UUT)±, D#y M 2O^-X2 0± 

icasis^ ztitzT* h®fen 1 8±£smvo^. 

otf-y h 1 2(i. ^-X2 0^#*«ril*§£ft*:S 

nwMizfe-ixmmz&mx'Z t^-xcouBt 

0<7)*tl?iX<7)mmi,Zl&-£;ZtlX^Z>. <-A2 0<7)±_ 

izh&mmiifa$.&<?>±.®mnffliztetiy hj 2 4# 

L->fr r )t%i&ZtiX^Z>. ijy YV2A\,zW\Wh1x 
X^h<F>\t. tfyh 'J £&-5T(fflffi#>£>Slffl£'t1»iT 
|gT-*>l.n^-y h^-y h'2 bX'hh. n#-y h^s-y FlC 
n^ieHKlji 2 8 £ il LT n # -y b ^ ■/ H t» L 
W}tf<mZtl%* D^-yh^vyFOT^Wi. v^-r 

tico^itn-c- 1 3 6 o mffix* hxvy v>i> 3 o ifih 
h. tiyv*)-24\t. Stt*r6i^tt^*$^riS]^^ 

X#yh U^Q^-y h^-/ H* { fitt*"^tw±T^Hl 
[fi]^tt2 2t^$tl-C^|,. Iffl^D*7 hJi. V- 

-Scastpro^-c^^p. 

[0019] fXhA..y b*14«. ZVyFMZl&£Z 
tl. m2RX/3l l zWmt<ZKZtLX^&. l2&L^3Sr# 
BS-fSi;, fXh^>y HI 4{i. n#7Weyh>3 

o izmubmbtitzmmmyv »,?3 2* p&tt> „ 

KWtffl^o ■v?mm\.z&~>X&-£ZixX^h<r)\i. 
fx h +<y)T U y MUSSKXJi^-- y M 6 tci^l^o T 

T$\*i,zmfh4rx-vr-j±3AX'hh. vx-vr 

-A,3 40)Tmmz&W.^VbtlX^l(M$., 04tC§ 
<o fcff L < ^SnT V ^ S ^#(tJRW^ 3 6 x-h h . 
^SttttliX#tt^ 3 6<t 9-RCpgffl7-A 3 8*^# 

(t^il. ««#tfK#(f^3 efrbTmizmts&yy 
y-JA0 (03#s?J tiO. ^SWtlRttit^^^ 
ZtiX^l. yyy=JA0\t. 7yy ; JA2*nmmi 
JtmWl 3 6 t«^-?(tS7-U— b 4 2 fc J: 0 , ftKft 

•6. WSfflT-A38<i. ifs)VYAA\,Z^Xyyy l J 
A0<r)T1&mzm%ZtiX^2>. PSffi7-A(0^S 

3 6SrKil-ri.^b4 6{Cj:-7Ti^rfigT'J>-&. ^ 
h 4 6 « . «Sft«tIR#(t^ 3 8 CT)±.mffilztt LS. 
Jl ZMiL h H t < Kf+ttffl^D y ^ 3 6 rtOSIK 5 0 <?) 
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7yT5 4KJ:9f*£^ftMK«8£ixS. VA^-7 
5y5 2ii, 7 7>7'5 4tmmm7-J*3 8<7)fflX\ 
7y >■ VA -V 5 8 oo^Tjfa fcfifc fcgtf* 74 A-K 

SSO . 0 0 3 4 y?-<9«ROl!* <^)7'7 is 1 ? A -V 5 8 

afitJ: 9 i/J^«Mfiffl*£8o. VA*-7y\s\t. 
fX h 7 h KOV %T^1f ^O&g&ttfcjE t 

T, &M?>m&tim<7)7'yi'7A J rZft'ki-&c\kti t 
X'*h. 7yi/*mm&Ztl,ztolX, 7A'*-li. 

fx M»ffi6 oizm&ix&m-z x o tcmx-fx 

[0021] ZZX'Mim 1 &tf2 *#«W6 fc . fX 
h'vy KiiFtHtfc:. EPirD7?3 2<0TW*iBfc 
«f^3*Ufe^9T-fe>yy 6 2*-Sttf. 07£t>^£ 
tlX^tXo^ ti*yT-t>7 , J6 2l,t, i]*yb(> 
*Kft»tffl^o -y 7 3 2£m/r?ftit:*>a>/\Wyr 

64£&tf. tl*y\i. AffiWt. E 1 mo421EJ: 

2 k» ifx vnmm-owmm-tzuhv) S7-7 

0&tf5--f h68£#tf„ 

[0022] HU^tfcO, fXh$CD3--v M 6 
li, 08&tf9fcJ:9f¥$£*£ftT^I>lo£T*h 
H£ftl8±KKWt<^VC^!>. 0^$nr^5rX 
Mffitfttt, X^— 9"8 0t«toT^SI$n^1^S<0h 
5 >X V-9 TV- h 7 8 £ t> o h- y V X V- ?H5£& 
7 6 <7>±S57V- h 7 4 OitCxX h $>cr>JL- y h iM 

mt>tix^mm®fcMX'h&. hy>xu-?ru 
x ywslw- yizttm-t&'tiMfWifa izmmm 

>X{iTXh7*P-7-8 2^S«ftl». «Jg^*Iffl4M» 

(ciEtT. fxhru-y\t, m.<%#mhy>xu 
-?V>frX.im*c?>rt*7a-7X'h'?X l>*\.\ «F 

J) & rX hffiffi k tmtl X 0 ±M7V- V 7 4 JI^ 
TXh7v-7<nT%H&l}. T8&1I£J18 8 
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4>«-r**:*>Hjyiin*8 4 ^jR^-r htztxwA 

[0023] YyVXV-fffifcmt. LexantU 
ofc«fc 1 tcTyXf-v ?tt®X'ftt>tlfzim<7) hyyx 

b^xxL— ?7V-H2. v y yxu-fffifeMZT 

«gji8 8 C0±fc£Jfrf S X^-nf 8 0 «k oT#« 

sax^s. Tsunami. mmteT-xv'&mw.* 
mzh&Mi^ m2c?>®s&mzmmztit:s& i ?7'ziv7 

9 4±t=K imbtiM&f-fu v 9X'hh. my* 
•/?9 2RVmWMttim z ?-7'a v?9 4 ii. fx h 

7-0-78 6 zm-ti^mmziitzmn^ihmii 

ZtUZf&im. 7D-y^9 2S^9 4<i, XA-/& 
9 6 ±l,ZW.frtlX V . x^f-yf-^-KIII 
SSISi. x 7 y*-F3^^ 1 0 0(ciOx4 -y^ 
- F0B«<OT»£mfcS«3<i*:.*>f vf-*- H 9 8 

t x-fx hm^i 4»m-ti fc«Mo«sasa* rt* n 

6. X4 •y^-h'fi, #©1 0 2£M'iX9Wm?Fr 
XYTI-yA"?- (m^tf) rt<WJ6t*r^MlI» 
CfXhTo-7 r 8 6*«S«-f&-3@R^4 •yf-Srff 
a«^a5^9 9SrJRttUTV^. X4 >y^-h*0ffi« 
9 6{i, Stt*H0Sftl0 4(Cj:oT-'N'7y>'^9 0rt 

SJ; 7^t\ ^-xliifiai (H^ 
■e-f ) tlR 0 olt fetifclW- hyn-yi?l06tJ; 

o#-y M 2 CO^-X 2 0 fct&£S*vO*4. 
[0024] fXb+«i-7 b^H® 

Sid ^TP.-K>y b±^{iS^tt?ttT 
v>|> i><Qcr>. fX -y h«0 locOfflO^rX 

hanao«J5rS^-CV^*&fc:tt, rx h *<7)j.- -y 
HSro^ y Y-co<-X<r)yX-h<7)±.lzW.< Z kifiX' 
mtl^TXh®mZ%&-f&fz#>l,zvA^-7'y 

h. immzlt. n# y h<7X-X±.l,ZfXh*<7)3-=. 

•y h£3ffi?h£o<,z. *<r>W)9 A?<F> ; rXYWZM : 
[0025]^^TH10 lz5f;t X o iz. *fmnj&t 

Xfxfwmmiz. fxh&&frbmTXh&m 
mtx-fx hm%*im-t&fc#>m%&v-y7*i> 

7V 1 0 8 i ft-k-tl Z b ifiVt h . mW&'a-yT* 
yy V izii . rX h y hOff#yD -y ^ 1 1 2 K 

«mtto-5i i4*iwfcfc»uis**fc«>y-r 

ttu-cv^s. o-5«i. TXhm^&m&t&fc#>. 9 
uxxtey't-t^tzx o%mn,mtft<r)mm-? 
h. mm&v-y\t. > j-t*-?x&£$s.i£79i-j. 



l>. 7 4 1 6Ji, ZWrX V^~y hco9ffl 
t&oTWtfeilitXn-y h 1 1 QZ^X^Vyf 

1 1 o^tmx/x^i. mm&a-yii. 
z>zttfxzz>. mwt.o-?\&. -e^ia^es 1 2 

Ofc^ltBUiSl 2 2<7)mjJX'7nZilX^Z. 
[0 0 26] mUzhtz^Xli. otf-y MirXl-^y 

vzmfeeumtx&mzit . 7^A--/5ymh 
^^•y y<dtx b^iiLtmmm^miXTX bfi-t 
m&T-xhmi-gmwm-f&xoiz-fz,. t*y* 

JL - -y h COT^BrX b SBftfr ^ <7)f x h ft^f-ii , m 

%t>iz, TAvmmmmzm^&v-ymixty® 

rXb X'im 5 *if*4 . aX-yhtzXhrX 

tzxvtmztLi. vm-yyi/u. 

[0027] HI Hi, 77W/7o-Al32J:I 
£bittzW&W('-<-T-t>7'V 1 3 Ofcflfit-*-*. 
77W/rn-Ai3 2li, d»H1 3 6KtMr?»t 
3*lfc**SWi-l 3 4&W f 7^^-r-fe>7*U 13 0 2: 
^f*feAW**aMW»4>«lf*r-Al 3 8Srrt* 

^-7*5^ 1 4 0*»»S -ttl.it »0teT'# *k 

*xhh. 

[0028] 01 2n. *%m<r)m t^m&mofe 
&m®m2 io&m&&. fc&^mmm i o«, 
m 1 1: lth^ Lie* l tzm o «f x ? n -y rr-t 

tf.y |-coxt°yF/P3 0KKftttfc*ifc*limx*;Mf 
®2 1 2££ti. Mfffl!X*/l^®2 1 2<J, 

J:r/iE07 -f - Ha'7 ? *«tt**fcfctf*¥£S2iH 

£&L®wtimmffim$&m?mx'h^x t a 

*. *S«Mx^dfjf 2 i 214, fxh^ 7 h 1 6 

cDi.iz&s.'xrzti. T*h*3---y hcommmi- 

[ 0 0 2 9 ] *f£ U4SJ8*fci:*rt'*«2 1 2»iT5X* 
7t*4. 01 3fc*3*VO>SJ:5fc:, {££jS2 1 2 

75^0&$S2 14jP&*:h.6. T7X7 
«, yX)V2 1 6>vi:§t^ $il z.<r>JXlV1fiTyX~? 
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1. Title of Invention 

SCAN TEST MACHINE FOR DENSEIjY SPACED TEST SITES 

2. Detailed Description of Invention 

CROSS" -REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of Application 
No. 09/235,041, filed January 21, 1999; which is a 
continuation-in-part of Application No. 09/158,823, filed 
September 23, 190.8; which are incorporated herein by reference. 

FIELD OF THE IMVENTION 

This invention relates to the automatic testing of printed 
circuit board*, and mora particularly, to a *can testing machine 
for testing densely arranged test Sites on a surface of a printad 
circuit board through the use of plasma gas directed across the 
surface of the printed circuit board in contact with the test 
sites to energize the circuit and produce test signals. 

BACKGROUND OF THE IKvT.NTION 

Automatic test equipment for checking printed circuit boards 
has long involved use of a *bed of nails" test fixture in which 
the. circuit bo*rd ie mountod during testing. This test fixture 
includes a large number of nail -like eprin«-l©adod teat probes 
arranged to mafce electrical contact under spring pressure with 
designated test points on the circuit board under test, dlso 
referred to a* the unit under fcest or M UUT." Any particular 
circuit laid out on a printed circuit board ia Likely to be 
different from other circuits, and consequently, the bed of nails 
arrangement for contacting test points in tha board roust he 
customized for that particular circuit board. When the circuit 
to be tested is designed, a pattern of teat points to be used in 
checking it is select ed r and a corraapondlng array of test probes 
is configured in the test fixture. This typically involves 
drilling a pattern of holes in a probe plate to match the 
customized array of test probes and then mounting the test probes 
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in the drilled holes on the probe plate. The circuit board is 
than mounted in the fixture superimposed on the array of cosL 
probes. During testing, the spring-loaded probes arc brought 
into apring-pressure contact with the test points on the circuit 
board und*r test, Electrical test signals are then transferred 
from the board to the test probes and then to the exterior of the 
fixture Tor communication with a high-speed electronic test 
analyzer which detects continuity or lack of continuity batween 
various test points in the circuits on the board. 

Various approaches have been used in the past for bringing 
the test probes and the circuit board. under Lest into pressure 
contact Cor testing. One class or these fixtures is a "wired 
test fixture" in which the test probes are individually wired to 
separate interface contacts for use in transmitting test signals 
from the probes to the external electronically controlled test 
analyzer. These Wired teat fixtures are often referred to as 
"vacuum test fixtures" since a vacuum is applied to the interior 
of tha test fixture housing during testing to compress the 
circuit board into contact with the test probes. Customized wire 
test fixtures of similar construction also can be made by using 
mechanical means other than vacuum to apply the spring force 
necessary jfor compressing the board into contact with the probes 
during testing, 

The wire-wrapping or other connection of test probes, 
interface pins and transfer pins for use In a wired test fixture 
can bo time intensive. However t customized wired test fixtures 
are particularly useful in testing circuit boards with complex 
arrangements of test points and low-volume production boards 
where larger and more complex and expensive electronic tost 
analyzers are not practical. 

As mentioned previously, the customized wired test fixturoe 
are one class of fixtures for transmitting signals from the 
fixturo to the external circuit tester, a further class of test 
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fixtures is the so called "dedicated" test fixtures, also known 
as a "grid-type fixtuc*, " in whi.ch the random pattern of test 
points on the board are contacted by translator pins which 
transfer test signals to interface pin* arranged in a grid 
pattern in a receiver. In these grid-typo testers, fixturing is 
generally less complex and simpler than in th« customized wired 
test fixtures. 

A typical dedicated or gxid fixture contains test 
electronics with a huge number of switches connecting test probes 
in a grid base tn corresponding test circuits in the electronic 
test analyzer. In one embodiment of n gcid tester as many as 
40,000 switches are used. When testing a bare board on such a 
tester, a translator fixture supports translator pins that 
communicate between a grid pattern of test probes in a grid base 
and an off-grid pattern of test points on the board under test. 
In one prior art grid fixture so-called *tiVt pins" are used as 
the translator pins. The tilt pins are straight solid pins 
mounted in corresponding pre-drilled hoias in translator pUtes 
which are part of the translator fixture. The tilt pins can tilt 
in various orientations to translate separate test signals from 
the off-grid random pattern of test points on th* board to the 
grid pattern of test probes in tha grid base. 

Translator fixtures can be constructed and assembled with 
a plurality of translator plates made from a plastic material 
such as Lexan. The translator plates are stacked in the fixture 
between corresponding sets of spacers aligned with one another 
vertically to form "stand-offs" spaced apart around the periphery 
of the fixture. The spacers hold the translator platus in a 
fixed position spaced apart vertically from one anothar and 
reasonably parallel to each othor. The "translator plates at each 
level of the fixture have pre-drillod patterns of alignment holes 
that control tha position of each tilt pin in the translator 
fixture . 
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Several problems are associated with thcsa types of test 
fixtures when the test points on the printed circuit board are 
positioned very closely tooother and are very thin. Individual 
test points are commonly referred to as test p*d«, end a group 
of test pads are commonly known as a test pack. When the tilt 
pins contact very thin test pads, the pads can be crushed or bent 
by the tilt pins. Depending upon the degree of damage to the 
test pads, and how closely they n^e petitioned, individual pads 
can be permanently shorted together during testing. 

A second problem occurring with these types of test fixtures 
is the difficulty in achieving accurate test results for a test 
pack when the pads are vary closely spaced. It becomes very 
difficult to direct a tilt pin to each pad within the pack when 
the pads are so closely spaced- Slight misalignments of test 
pins can affect the test results, reducing test accuracy. 

A third problem is encountered Sor packs having a grid 
density of pads which i3 greater than the grid density of the 
test probes, such as when the test pack is formed as a ball grid 
array (BGA) or a quad flat pack (QFP) . In such instances there 
are not enough translation pins available for testing each test 
pad and thorough testing of the ;>ack la not possible. 

To address these problem* a printed circuit board test 
fixture capable of accurately and safely tcstiny circuit boards 
having small scale test packs was developed which included a 
pneumatically actuated shorting plate positioned in the fixtura 
corresponding to the location on the printed circuit board where 
a group of v«*ry closely spaced teat points were to be tested, 
A hole was cut through the upper translator* plates corresponding 
to the dimensiou of the shorting plat* to allow the shorting 
plate to enqage the unit under test. A layor of compliant 
conductive media was positioned over the upper surface of tha 
shorting plate Xor electrical connection to the Inst points, The 
shorting plate included a snap fitting for attachment to an air 
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cylinder extending downwardly through- the layers of translator 
plates. The air cylinder was attached at the bottom of the 
fixture by a base plug which snaps into a base receptacle rigidly 
secured Mo a lower translator plate the fixture. 

During testing of the unit under test, the air cylinder was 
energized, raising Che shorting plate into contact wi.th the test 
pack, effectively shorting them together for testing without 
bending or damaging the test points. 

A problem with this method is that since all the test sites 
are shorted together during testing it can not be determined 
whether one or more individual test sites within the pack Are 
incorrectly shorted together. 

An alternative method for testing densely spaced test packs 
is with a prober to touch each individual pad within the pack. 
This method is undesirable due to the extremely time consuming 
process. 

consequently a need exists for test equipment for testing 
printed circuit boards having small scale or densely spaced test 
sites, which accurately, safely and quickly produces the test 
results . 

SUMMARY OF THE INVENTION 

The present invention comprises a scan test machine for 
testing closely spaced test sites on a printed circuit board. 
The scan tesc machine comprises a roboticaly controlled wiper 
brush moved across tha top of the- test sitos to 3c*n the test 
locations. ?ho scan tegt machine comprises a desk top assembly 
robot having a teat head positioned over the printed circuit 
board to be tested. The test head include* tha wiper bruBh which 
is moved across the surface of the printed circuit board and in 
contact with tha test pads to scan the teat 5<.L«a positioned on 
th* aurfacc of the printed circuit board. The printed circuit 
board is poeitioned upon a test fixture located on tha base of 
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the assembly robot, the teat fixture includes a plurality of -test 
probes for contacting the tost sites located on an opposite 
surface of th* print od circuit board, i*he test signals generated 
from both the wiper brush and the dedicated fixture ere 
transmitted to an external electronically controlled test 
analyzer. The wiper brush can also be used in conjunction with 
a flying prober. 

Tin en alternative embodiment, a conductive roller assembly 
is positioned adjacent one of the printed circuit board hold down 
blocks on the test fixture. The roller assembly includes a 
conductive cloth positioned around a roller which is moved across 
the surface of the circuit board to transmit test signals from 
the test sites to the tost analyzer. 

In a second embodiment, the scan test apparatus of the 
present invention includes * la**r, electron beam or other 
non-contact energy source positioned over the unit undar te3t to 
energize the circuit and generate test signals for the test 
fixture located on tha opposite side of the circuit board. 
Specifically a preferred non-contact energy source is a column 
of ignited plasma gaa , 

These and other aspects ot the invention will be more fully 
understood by referring to tha following detailed description in 
the accompanying drawings. 

. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view Of tha scan test machine of the 
present invention; 

FIG. 2 is a front view of the test head assembly of the scan 
test raachina of fig_ l; 

FIG, 3 is a side view of the test head of fig. 2/ 

FIG. 4 is a front view of the wiper brush assembly of, the 
t«et head o£ FSG, 3; 
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FIG. 5 is an enlarged detail o£ the wiper brush assembly of 
FIG. 4; 

FIG . 6 is a top view of the wiper brush of FIG . 5; 

FIG. 1 is a aide view of the camera assembly of the test 
head of FIG. 2; 

FIG. 8 is a front view of the test fixture of FIG. 1; 

FIG. 9 is a side view of the test fixture of PIG . 9; 

FIG. 10 is a side view detail of the optional roller 
assembly for tho scan test machine of FiG. 1; 

FIG. XI is a schematic side view of the wiper brush assembly 
in combination with a flying prober/ 

FIG. 12 is a front view of the scan test machine of the 
present invention incorporating a non-contact energy source? and 

FIG- 13 is a detail view of the non-contact enorgy eourc© 
of FIG. 12 including a plasma sourco. 

DETAILED DESCKXPTION 

The scan test machine 10 of the present invention Is shown 
r in figure 1. The scan test machine comprises a dosk top assembly 

robot 12 having a test head 14 positioned over the printed 
circuit board to be tested or UUT 16. The UOT is positioned upon 
a test fixture 18 located upon a base 20 of the robot 12. The 
robot 12 includes vertical supports 22 connected to each aide of 
tho base 20, The vertical supports are connected to either side 
of the base 20 along tracks (not shown) positioned along the 
sides of the base such that the vertical supports can move back 
and forth along the sides of the base, A gantry 24 is rigidly 
connected between the upper portion of the vertical supports 
above the base 20. Positioned on the gantry 24 is a robot head 
26 which is movable from sida to side along the gantry. Power 
is provided to the robot head through a wiring track 28 connected 
to the robot head. At the lower end of the robot head is a 
spindle 30 which can rotate in either direction 360 degrees. The 
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gantry 24 is connected to the vortical supports 22 along trades 
(not shown) such that the gantry and the robot head can be moved 
vertically up and down along the length of the vertical supports. 
A suitable robot would be a SONY CASTPRO machine. 

The test head 14 is connected to the spindle and is shown 
in more detail in Figures 2 and 3. Referring to Figures 2 and 
3 the test head 14 includes a mounting block 32 fastened to the 
robot spindle 30- Connected along a side of uho mounting block 
is a support arm 34 which extends downwardly towards the printed 
circuit board or unit under teat 16. Positioned on the lower end 
of the support arm 34 is an anglsd mount 36 which is also shown 
in more detail in Figure 4, An adjusting arm 38 is positioned 
below the angled mount 36 and is connected to the angled mount 
by a flange 40 (see Figure 3) extending downwardly from the 
angled mount 36. The flange 40 is rigidly s*cux*d along a recess 
in the side of the angled mount by n plate 4 2 which clamps the 
flange 42 to the angled mount 35. The adjusting arm 38 is 
secured to the lower end of the flange 40 by bolts 44, The angle 
or the adjusting arm can be adjusted by bolt 4 6 passing through 
angled mount 36 and against the upper surface of the adjusting 
arm. Bolt 4 6 is adjusted to compress spring 48 also positioned 
within a channel 50 in mounting bluck 36 which presses against 
the upper surface of the adjusting arm 38. 

A wiper brush 52 is positioned on the end of the adjusting 
arm 38 and is held in position by a clarap 5 4 secured to the upper 
surface or the adjusting arm as shown best in Figure 3 t The 
wiper brush 52 U held between the clamp 5 4 and the adjusting arm 
38 by the wiper bar 56 extending across the length of the brush 
wires 58. As best seen in Figure 6, the wiper brush 52 includes 
a plurality of individual brush wires 58 preferably each .003 
inches in diameter. The plurality of a/iall diameter brush wires 
have independent compliance with each other, and each wire 
includes a contact surface smaller than the test pads or sites . 
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The wiper bruah can include any desired number of brush wires 
depending upon the particular requirements for the unit under 
test. In addition to using a brush, the wiper can bo a modified 
ilex circuit, conductive cloth or other compliant conductive 
material. As discussed in more detail subsequently, the wiper 
brush is moved across the upper surface of the unit undar teat 
16 such that it contacts in succession the test sites 60 to scan 
the test signals. 

Referring again to Figures 1 and 2 the test head tilso 
includes a camera assembly 62 connected to tho lower surface of 
the mounting block 32. As also shown in Figure 7 the camera 
assembly 62 includes a housing 64 for clamping the camera €6 to 
the mounting block 32. The camera is typically a mini CCD camera 
such «s an Elmo 4 21E. The housing includes lights 6B and a 
mirror 70 for reflecting the image of the position of the test 
sites to a computer terminal 72 for viewing the teat site 
location during testing. 

As stated earlier, the unit under test 16 is positioned upon 
a test fixture 18 aa shown in more detail in Figures 8 and 9. 
The test fixture shown is a dedicated fixture wherein the unit 
under teat i9 positioned upon the top plate 7 4 of a translator 
fixture 76 which has a plurality of translator plates 7 8 
separated by spacers 80. The translator plates include a 
plurality of pre -drilled holes which are spaced apart in rows and 
columns corresponding to the pattern of test sites located on the 
lower surface of 'che unit under test. Tho translator fixture 
supports a plurality of translator pins or test probes 82 
positioned within the pr^-drilled holes in the translator plates. 
Depending upon the particular application, tho test probes can 
be straight solid translator pins or conventional spring probes. 
Preferably the test probes are conventional spring probes, The 
test probes extend through the top plate 74 to make contact with 
test sites located on the bottom surface of the unit under test. 
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i'he lower end of the test probes have wire wrap tails to 
accommodate fixture wiring 64 to translate the teat signals to 
the test probes 06 positioned in the lower fixture 88, 

The translator fixture can be constructed and assembled with 
a plurality of translator plates made from plastic material such 
as Lexan. The translator plates are separated by the spacers 80 
which support the translator fixture above the lower fixture B8. 

The lower fixture includes a housing 9 0 which contains 
additional test electronics. Located within Lhe housing is a 
terminal block mounted on a second board mounted terminal block 
94. Terminal block 92 and board mounted terminal block 94 have 
a plurality of pre-drilled holes which are aligned to receive 
test probes 86. Blocks 92 and 94 are positioned upon a switch 
card circuit board 96. The switch card circuit board includes 
electrical connections for translation of the test signals 
through to switch cards 96 connected to the lower surface of the 
switch card circuit board by edge card connectors 100. The 
switch cards contain electronics 99 with a number of switches 
which connect tast probes B6 to corresponding test circuits in 
the external electronic test analyzer (not shown) through conduit 
102. Tha switch card circuit board 96 is supported within 
housiiig 90 by vertical supports 104. The antire dedicated 
fixture 18 is connected to the base 50 of th« robot 12 by support 
blocks 106 attached to the base through tracks <not shown) so 
that the entire translator fixfcuce can ha moved from front to 
back of the robot along the base* 

It is to be underatood that although the dedicated fixture 
is positioned on the robot so that both sides of the unit under 
test can bs tested, it is to be understood that if only one side 
of the unit under test includes test site locations, the unit 
under test can be positioned upon a support on the base of. the 
robot and the wiper brush can be used to scan the desired test 
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locations. Alternatively other types of test fixtures can be 
used to support the unit under test on the bctsa of the robot. 

Referring now to Figure 10, the scan tester of the present 
invention can also include a conductive roller assembly 108 for 
transmitting test signals from the test sites to the external 
test electronics. The conductive roller assembly includes a 
housing 110 which Is positioned on a unit under test hold down 
block 112. The housing contains a linear motor or a pneumatic 
actuator {not shown) for moving back and forth the conductive 
roller 114. The roller has a layer of conductive material, such 
as cloth or rubber, to transmit the test signals. The conductive 
roller is attached to fingers 116 which is connected to the 
linear motor or pneumatic actuator. The fingers 116 exlend into 
the housing 110 through a slot 118 located along the side of the 
housing so that the finger can ba moved back and forth across the 
surface off the unit under test. The conductive roller is wired 
in parallal with the wiper brush and can be used in conjunction 
with or separately trom the wipor brush to transmit the test 
signals. The conductive roller is ahown .in both its retracted 
position 120 and its extended position 122. 

In use the robot moves the test head into position such that 
the wiper brush successively contacts the test sites on the unit 
under test to transmit test signals to tha external test 
electronics. Test signals from the test sites on the lower 
surface of the unit under test are transmitted through tha 
dedicated fixture to the external test electronics. In addition 
teat signals can also be transmitted through the conductive 
toller to the external test electronics. The movements of the 
tost head by the robot are controlled through software programmed 
for the particular te*t site pattern on the unit under test. The 
wiper brush provido* for the testing of closely spaced test sites 
quickly by individually contacting each tent location if desired. 
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FIG, LI illustrates the wiper assembly 130 in combination 
with a flying probaj.- 132. Flying prober 132 includes a body 
portion 134 positioned on a rod 136 and arm 138 extending from 
the body portion for supporting the wiper assembly 130. The 
flying prober is a conventional prober which moves in the x, y 
and 2 directions as well as being capable of rotating to move the 
wiper brush 140 across test sites. 

FUG. 12 illustrates a preferred embodiment scan test machine 
21.0 of the present invention. The scan test machine 210 
comprises a desk top assembly robot 12 as shown and described 
with respect to FIG. 1, The robot 12 includes a non-contact 
energy source 212 attachad to the spindlo 30 of the robot. The 
non-contact energy source 212 can be a laser chat produces 
optical radiation using it population inversion to provide light 
amplification by stimulated omission of radiation and an optical 
resonant cavity to provide positive food back or an al«ctron gun 
which comprises an electrode structure that produces and controls 
an oloctron beam, other energy producing non-concact devices are 
also contemplated. The non-contact energy source 212 is 
positioned over the unit under test 16 and directs the laser beam 
or electron beam onto the unit under test to energise the circuit 
on the unit under test, 

A preferred non-contact energy source 212 is plasma. As 
shown in FIG, 13, source 212 include* a reservoir 2.14 of plasma. 
The plasma is fed to a nozzle 216 which directs a column 218 of 
plasma gas through a plate 220. The colunn of plasma gas is 
ignited by an ignitor 222 to energize the unit unde>: test. With 
the unit under test cneroized, the test probes 82 located in tha 
test fixture 18 translate test signals to tho external teat 
electronics as discussed in detail in reference to TlGS. 8 and 
9. 

Although the present invention has baen described arid is 
illustrated with respect to a proforred embodiment thereof, it 
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ig to be understood that it JLs not to .be so limited, since 
changes and modifications ma.y be mad* therein which are vlthin 
Lha full intended scopo of this invention as hereinafter claimed. 
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4. Clains 



1. A tester for printed circuit boards comprising: 
a fixture for mounting a printed circuit board; and 

a teat hadd mounted above the fixture including a 
non-contact energy source for energizing a teat circuit on the 
oircuit board to test sites on the circuit board, 

2. rhe tester of cl*im 1 wherein the non-contact energy 
source is plasma. 

3. The taster of claim 1. wherein the test head comprises: 
* plasma reservoir; 

a nozzle connected to the p.Uama resarvoir for 
delivering a column of plasma gas; and 

an ignitor for igniting the plasma gas. 

4. The tester of claim 1 further comprising a robot 
connactod to a test haad to move' the test head in a 
three-dimensional plane . 

5. The tester of claim 1 wherein the fixture is a 
translator fixture having a plurality of essentially parallel and 
vertically spaced apart translator plates having selacted 
patterns of holos aligned in tha translator platos for containing 
*nd supporting teat probes for contacting a second surface o£ the 
Circuit board. 

6. The tester of claim 4 wherein the test head ia mounted 
on a spindle of the robot, aud the energy source is a piasraa 
source positioned on the spindle for directing an ignited column 
of plasma gas at the circuit board. 
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7. A tester for printed circuit boards comprising: 

a test fixture for mounting a printed circuit board to 

be tested; 

a test haaci mounted above the fixture having 
non-contact means for energizing the circuit board to test sites 
on the circuit board; and 

a robot connected to the test head to move tho test 
head in a three-dimensional plane, 

8 . The tester of claim 1 wherein the test tixturo includes 
a plurality of essentially parallel and vertically spaced apart 
fixture plates having selected patterns ol holes aliened in the 
fixture plates for containing and supporting test probes for 
contacting a second surface of the circuit board. 

9. The tester of claim 7 wherein tho non-contact means is 
a plasma source rigidly positioned at an end of the test head for 
directing a laser beam onto the circuit board. 

10. the tester of claim 9 wherein the plasma source 
comprises : 

a plasma reservoir; 

a nozzle connected *e the reservoir for delivering a 
colujan of plasma gas; and 

an ignitor for igniting the plasma gas. 
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FIG. 2 
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FIG. 3 
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FIG. 8 
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1. Abstract 

A dean testor for pointed circuit boards capable of testing 
densely spaced teat Vocations on the circuit bodird* 

He board including a 

desk top robot having a test head positioned over the circuit 
board and movable in a three-dimensional ijlfine. The test head 
includes a non-contact energy soured such as a source of plasma 
located at an end of the test head for energizing the teat 
locations of the printed circuit board. The printed circuit 
board is mounted on a test fixture having a plurality ot 
translator plates and translator pins for contacting a second 
surface o5 the printed circuit board to translate test signals 
to an electronic test analy2er, 

2. Representative Dravinfi 
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